The online version of this article, along with updated information and services, is located on Over the 28-d trial, pigs fed PC and probiotic diets had greater ADG (P < 0.001), ADFI (P < 0.05), and G:F (P < 0.01) than pigs fed NC diet. The ATTD of DM and GE was greater (P < 0.05) in pigs fed probiotic diets when compared with pigs fed the NC diet. At d 28, fewer Clostridia (P < 0.01) were identified in the feces of pigs fed PC and probiotic diets than pigs fed the NC diet. However, the performance, ATTD of DM and GE, and fecal Clostridia population were similar among pigs fed probiotic LT and HT diets. In Exp. 2, 288 weaned pigs (initial BW, 5.84 ± 0.18 kg) were allotted to 4 treatments in a 2 × 2 factorial arrangement on the basis of BW. The effects of 2 levels of probiotic HT (0.30 or 0.60%), each with or without antibiotic (chlortetracycline, 0 or 0.1%), on performance, ATTD, intestinal morphology, and fecal and intestinal microflora were investigated. Feeding of 0.60% probiotic HT diet improved (P < 0.05) overall ADG, ATTD of DM and GE, and Lactobacillus population in the feces and intestine, and reduced the population of Clostridium and coliforms in feces (d 14) and ileum. Inclusion of antibiotic improved (P < 0.05) the overall ADG, ADFI, and ATTD of DM at d 14 and reduced fecal Clostridium population at d 28. Increased (P < 0.05) villus height at jejunum and ileum, and villus height:crypt depth at the ileum was noticed in pigs fed 0.60% probiotic HT and antibiotic diets. In conclusion, high drying temperature had no effect on the efficacy of potential multimicrobe probiotic product. However, the probiotic product dried at high temperature was more effective at 0.60% inclusion, whereas inclusion of an antibiotic improved pig performance but did not show any interaction with probiotics.
INTRODUCTION
Solid substrate fermentations (SSF) are characterized by growth of microorganisms on moist solid substrates in the absence of free flowing water (Mitchell and Lonsane, 1992) . The potential advantages of SSF are simple culture facilities, relatively low investment, and greater production of biomass containing microbial metabolites with less waste output when compared with submerged fermentation (Badu and Satyanaraya-na, 1995) . The SSF technology can be used for the production of enzymes and probiotics (Zhao et al., 2008) .
Probiotics refer to a group of nonpathogenic organisms that when administered in sufficient numbers are known to have beneficial effects on health of the host animal by improving their intestinal microbial balance (Reid et al., 2003) . Most research has used monostrain or multistrain probiotic microbes of the same species or genus (Timmerman et al., 2004) . The health effects of probiotics are genera, species, and strain specific, and the use of multistrain and multispecies probiotics might be more effective than monostrain probiotics (Sanders and Huisin't Veld, 1999) . However, there have been limited attempts to develop multimicrobe probiotic products.
Probiotics are commonly dried by freeze-or spraydrying techniques (Holzapfel et al., 2001) . However, both these methods result in cell injury (To and Etzel, 1997) , indicating that drying temperatures would affect the efficacy of probiotic products. It has been suggested that the effect of probiotics may be more evident in the gut of animals if their natural flora is weakened by the use of antibiotics (Nousiainen and Setala, 1993) , and the combined use of probiotic and antibiotic might result in an additive effect (Pollmann et al., 1980) . Thus, the objectives of this study were to evaluate the efficacy of multimicrobe probiotic products subjected to low (LT) or high (HT) drying temperature and to investigate the effect of different amounts of multimicrobe probiotic HT product when fed in combination with antibiotics in weanling pigs.
MATERIALS AND METHODS
The protocol for the present experiments was approved by the Institutional Animal Care and Use Committee of Kangwon National University.
These experiments were conducted at the facility of Kangwon National University farm, and the pigs (Landrace × Yorkshire × Duroc) were housed in partially slotted concrete floor pens (2.0 × 3.0 m). All pens were equipped with a self-feeder and nipple waterer to allow ad libitum access to feed and water.
Preparation of Probiotic Products
Potential probiotic microbes, Lactobacillus acidophilus (KNU No. 31) isolated from feces of weaned pigs, Bacillus subtilis (KNU No. 42) isolated from natto (fermented soybeans), Saccharomyces cerevisiae (KNU No. 55) , and Aspergillus oryzae (KNU No. 48 ) isolated from koji (wheat malt) were maintained in the laboratory at −80°C as stock culture. A culture broth (CB) medium containing 6% corn steep liquor, 4% molasses, 0.30% yeast extract, 0.50% KH 2 PO 4 , and 0.25% K 2 HPO 4 in distilled water was prepared and autoclaved before being used. Two milliliters of stock culture of each microbe was added to 2 L of autoclaved CB and incubated for 48 h. Lactobacillus acidophilus and B. subtilis were incubated at 37°C at pH 7.0, whereas S. cerevisiae and A. oryzae were incubated at 32°C at pH 4.0. The final microbial count for each microbe to be used as starter was between 10 8 to 10 9 cfu/mL. The microbes grown on CB were used as starter, and pasteurized corn:soybean meal (1:1) was used as the substrate for carrying out SSF. Water was added to maintain 30% moisture. The substrate (13 kg) was then inoculated with 2 L of starter and fermented for 7 d. The conditions maintained during fermentation for different microbes were as follows: L. acidophilus starter + 5 L of CB added to substrate and incubated at 37°C, and pH was maintained at 6.8; B. subtilis starter + 5 L of distilled water added to substrate and incubated at 37°C, and pH was maintained at 7.0; S. cerevisiae starter + 5 L of CB added to substrate and incubated at 32°C, and pH was maintained at 4.0; and A. oryzae starter + 5 L of distilled water added to substrate and incubated at 32°C, and pH was maintained at 4.0. After 7 d of fermentation, the microbial biomass was dried in a forced-air drying oven at LT (40°C for 72 h) or HT (70°C for 36 h) followed by mixing to obtain potential multimicrobe probiotic products, and representative samples were collected for microbial analysis. The microbial counts of probiotic LT were 4.0 × 10 8 cfu/g of L. acidophilus, 4.8 × 10 9 cfu/g of B. subtilis, 1.0 × 10 7 cfu/g of S. cerevisiae, and 4.3 × 10 7 cfu/g of A. oryzae, whereas the microbial counts of probiotic HT were 1.0 × 10 2 cfu/g of L. acidophilus, 2.0 × 10 4 cfu/g of B. subtilis, 1.2 × 10 2 cfu/g of S. cerevisiae, and 1.0 × 10 3 cfu/g of A. oryzae (Table 1) .
Exp. 1
A total of 288 weaned pigs (initial BW, 6.43 ± 0.68 kg) of mixed sex were randomly allotted to 4 treatments on the basis of BW. Each treatment had 4 pens with 18 pigs in each pen. The objective of this experiment was to compare the growth performance of pigs fed a basal diet containing potential probiotic products LT or HT with pigs fed a basal diet containing antibiotics. Dietary treatments were negative control (NC, basal diet without antibiotic), positive control Probiotic LT = probiotic product dried at low temperature.
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Probiotic HT = probiotic product dried at high temperature.
[PC, basal diet supplemented with 0.10% chlortetracycline and Aurofac200G containing 100 g of chlortetracycline (CTC Bio Inc., Seoul, Republic of Korea)/kg], and basal diets supplemented with 0.30% probiotic LT or probiotic HT. The experimental diets were fed in 2 phases (d 0 to 14, phase I, and d 14 to 28, phase II postweaning). Diets for phase I were formulated to contain 14.28 MJ of ME/kg and 1.55% Lys, and diets for phase II were formulated to contain 14.11 MJ of ME/kg and 1.35% Lys ( Table 2 ). All diets met or exceeded the nutrient requirements suggested by NRC (1998). Antibiotic and probiotic LT and HT products were added to phase I and II diets at the expense of extruded corn and corn, respectively.
Individual weanling pig BW and feed disappearance from each pen was recorded at the end of every phase to calculate ADG, ADFI, and G:F. Chromium oxide (0.25%) was used as an indigestible marker in the phase II diets to calculate apparent total tract digestibility (ATTD) of nutrients as described previously by Hahn et al. (2006) . Pigs were fed diets mixed with chromic oxide from d 22 to 28 (phase II), and fecal grab samples were collected from each pen on last 3 d of each phase to determine the ATTD of DM, GE, and CP. The feces collected over a 3-d period were pooled to represent 1 pen. Feces were dried in a forced-air drying oven at 60°C for 3 d and ground with a 1-mm screen for chemical analysis. At d 14 and 28, fresh fecal samples Dietary treatments in Exp. 1 were NC = negative control, basal diet without antibiotic and probiotic; PC = positive control, basal diet added with 0.1% chlortetracycline; Probiotic LT = basal diet added with 0.3% probiotic product subjected to low temperature drying; and Probiotic HT = basal diet added with 0.3% probiotic product subjected to high temperature drying. Antibiotic and probiotic products were added to phase I and II diets at the expense of extruded corn and corn, respectively.
Dietary treatments in Exp. 2 were basal diets with added probiotic HT at 0.3% (low) and 0.6% (high), each with or without antibiotic (0 or 0.1% chlortetracycline). Antibiotic and probiotic HT were added to phase I and II diets at the expense of extruded corn and corn, respectively. were collected from 2 pigs in each pen and used for measuring fecal bacterial counts. The samples collected for microbial analysis were immediately placed on ice until analyses were conducted later on the corresponding day.
Exp. 2
A total of 288 weaned pigs (initial BW, 5.84 ± 0.28 kg) of mixed sex were randomly allotted on the basis of BW to 4 treatments in a 2 × 2 factorial arrangement. Each treatment had 4 pens with 18 pigs in each pen. Two levels of probiotic HT (0.30 and 0.60%) product each with or without antibiotic (0 and 0.10% chlortetracycline) were used as dietary treatments after confirmation of their resistance to chlortetracycline. The experimental diets were fed in 2 phases (d 0 to 14, phase I, and d 14 to 28, phase II). Diets for phase I were formulated to contain 14.28 MJ of ME/kg and 1.55% Lys, and diets for phase II were formulated to contain 14.11 MJ of ME/kg and 1.35% Lys ( Table 2 ). All diets met or exceeded the nutrient requirements suggested by NRC (1998). Antibiotic and probiotic HT were added to phase I and phase II diets at the expense of extruded corn and corn, respectively.
Individual weanling pig BW and feed disappearance from each pen were recorded at the end of every phase to calculate ADG, ADFI, and G:F. Chromium oxide (0.25%) was used as an indigestible marker in the diets of both the phases to calculate ATTD. Pigs were fed diets mixed with chromic oxide on d 8 to 14 (phase I) and d 22 to 28 (phase II), and fecal grab samples were collected from each pen on the last 3 d as described in Exp. 1. At d 14 and 28, fresh fecal samples were collected from 2 pigs in each pen and used for measuring fecal bacterial counts. The samples collected for microbial analysis were immediately placed on ice until analyses were conducted.
To study the effect of diets on small intestinal morphology and microflora of ileal and cecal digesta, representative pigs from each group (2 per pen; reflecting the average BW of the pen) were selected and euthanized by electrocution at d 28. The digesta from the ileum and cecum were collected in a sterile plastic bottle for microbial analysis. The samples collected for microbial analysis were immediately placed on ice until analyses were conducted. The samples of intestinal segment from the region of the duodenum, jejunum, and ileum after removal of its contents were flushed with physiological saline and submerged in a fixative solution (0.1 M collidine buffer, pH 7.3) containing 3% glutaraldehyde, 2% paraformaldehyde, and 1.5% acrolein and then brought to laboratory to study morphological changes.
Chemical and Microbial Analyses
Analysis of experimental diets and excreta was done according to the method of AOAC (1990). Chromium was measured with an automated spectrophotometer according to the procedure of Fenton and Fenton (1979 , and potato dextrose agar (No. 213400) used were purchased from a commercial company (Difco), and TSC agar (CM0589) was purchased from another commercial company (Oxoid, Hampshire, UK). The pH of probiotic products was determined by pH meter (Basic pH Meter PB-11, Sartorius, Germany), whereas the DM and CP content were by measured by the method of AOAC (1990).
Small Intestinal Morphology
Three cross-sections for each intestinal sample were prepared after staining with azure A and eosin using standard paraffin embedding procedures (Uni et al., 1998) . A total of 10 intact, well-oriented crypt-villus units were selected in triplicate for each intestinal cross-section. Villus height was measured from the tip of the villi to the villus crypt junction, and crypt depth was defined as the depth of the invagination between adjacent villi. All morphological measurements (villus height and crypt depth) were made in 10-μm increments by using an image processing and analysis system (Optimus version 6.5 software, Media Cybergenetics, North Reading, MA).
Statistical Analyses
The data generated were analyzed as a randomized complete block design using the GLM procedure (SAS Inst. Inc., Cary, NC). The data for Exp. 1 were analyzed by using a 1-way ANOVA test and when differences (P < 0.05) were identified among treatment means, they were separated by using Duncan's multiple range tests. In Exp. 2, the data were analyzed as a 2 × 2 factorial arrangement of treatments and the main effects of probiotic HT level (0.30 and 0.60%), antibiotic (0 and 0.1%), and their interaction were determined by the MIXED procedure of SAS. However, because the interaction (probiotic level × antibiotic) did not reach statistically significant levels (P < 0.05), it was removed from the final model. The pen was the experimental unit for all analyses in both experiments. The bacterial concentrations were transformed (log) before statistical analysis.
RESULTS

Exp. 1
In phase I, there were no differences in the performance of pigs fed different treatment diets (Table 3) . During phase II and for the overall period, pigs fed PC and probiotic diets had greater ADG (P < 0.001), greater ADFI (P < 0.01), and better G:F (P < 0.01) when compared with pigs fed the NC diet. In addition, the ADG was greater and G:F was better in pigs fed the PC diet when compared with pigs fed the probiotic HT diet; however, no differences were observed in the growth performance of pigs fed probiotic LT and HT diets.
The ATTD of DM was greater (P < 0.05) in pigs fed probiotic LT, and the ATTD of GE was greater (P < 0.05) in pigs fed probiotic HT when compared with pigs fed the PC and NC diets (Table 4) . However, there were no differences in the ATTD of DM and GE when compared among pigs fed probiotic LT and HT diets. The bacterial population in the feces on d 14 and 28 did not differ among pigs offered different treatment diets, except for a decreased (P < 0.05) population of Clostridium spp. in the feces of pigs fed PC and probiotic diets when compared with pigs fed the NC diet (Table 5 ).
Exp. 2
Probiotic HT at different amounts and inclusion of antibiotic had no effect on the performance of pigs during phase I (Table 6) . During phase II, pigs fed 0.60% probiotic HT and antibiotic diets showed greater (P < 0.05) ADG and ADFI. For the overall experimental period, pigs fed 0.60% probiotic HT and antibiotic diets had greater ADG (P < 0.05 and P < 0.01), respectively; moreover, pigs fed an antibiotic diet consumed more (P < 0.05) feed. Greater ATTD (P < 0.05) of DM and CP at d 14, and ATTD of DM, CP, and GE at d 28 were noticed in pigs fed the 0.60% probiotic HT diet (Table 7) . Inclusion of an antibiotic had no effect on the ATTD of nutrients except for improved (P < 0.05) ATTD of DM at d 14. Within a row, means lacking a common superscript letter differ (P < 0.05). 1 Dietary treatments were NC = negative control, basal diet without antibiotic and probiotic; PC = positive control, basal diet added with chlortetracycline; Probiotic LT = basal diet added with probiotic product subjected to low temperature drying; and Probiotic HT = probiotic product subjected to high temperature drying. Each mean represents 4 pens. Dietary treatments were NC = negative control, basal diet without antibiotic and probiotic; PC = positive control, basal diet added with chlortetracycline; Probiotic LT = basal diet added with probiotic product subjected to low temperature drying; and Probiotic HT = probiotic product subjected to high temperature drying. Each mean represents 4 pens.
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The bacterial counts were log-transformed and expressed as log 10 cfu/g, wet basis. Pigs fed the 0.60% probiotic HT diet had more fecal Lactobacillus spp. at d 14 (P < 0.05) and 28 (P < 0.01) and less fecal Clostridium spp. and coliforms at d 14 (P < 0.05, Table 8 ). Additionally, pigs fed the antibiotic diet had less (P < 0.05) fecal Clostridium spp. population at d 28. Pigs fed the 0.60% probiotic HT diet had more Lactobacillus spp. (P < 0.05) and less Clostridium spp. (P < 0.05) in the contents of ileum and cecum (Table 9) . Moreover, less coliforms (P < 0.01) were observed in the ileal content of pigs fed the 0.60% probiotic HT diet. In case of small intestinal morphology, there was no effect of probiotic HT amounts and antibiotic on the villus height, crypt depth, and villus height:crypt depth of the duodenum (Table 10) . Greater villus height at the jejunum (P < 0.05 and 0.01) and ileum (P < 0.05 and 0.01) and increased villus height:crypt depth at the ileum (P < 0.05 and 0.01) was observed in pigs fed 0.60% probiotic HT and antibiotic diets, respectively.
DISCUSSION
The major microbes used as probiotic include Lactobacillus, Saccharomyces, Bacillus, Streptococcus, and Aspergillus spp. (Shim et al., 2010) , and their success in providing beneficial effects to the host depends on their ability to tolerate heat, osmotic stress, and oxygen stressors during processing and storage (Ross et al., 2005) . Commercially, probiotics are processed by freeze-drying or spray-drying techniques, and both of these methods are known to cause microbial cell injury and death, leading to reduced efficacy of probiotic products (To and Etzel, 1997) . Previous reports on probiotics lack information on the method of production used; however, production of probiotics by submerged liquid fermentation is fairly common (Patel et al., 2004) . However, multimicrobe probiotic product prepared by the SSF method was better than the probiotic product prepared by submerged liquid fermentation in improv- Dietary treatments were basal diets with added probiotic product dried at high temperature (HT) at 0.30 and 0.60%, each with (+) or without (-) antibiotic (chlortetracycline). Each mean represents 4 pens.
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The bacterial counts were log-transformed and expressed as log 10 cfu/g, wet basis. Dietary treatments were basal diets with added probiotic product dried at high temperature (HT) at 0.30 and 0.60%, each with (+) or without (-) antibiotic (chlortetracycline). Each mean represents 4 pens.
The bacterial counts were log-transformed and expressed as log 10 cfu/g, wet basis. ing performance and nutrient retention, and reducing harmful intestinal bacteria (Choi et al., 2011) . Thus, in the current study, the SSF method was employed and a corn-soybean meal mixture (1:1) was used as a substrate for the growth of probiotic microbes under optimum conditions. Improved performance observed in weanling pigs fed antibiotics in the current study is in agreement with previous findings (Weber et al., 2001; Jin et al., 2008; Li et al., 2008; Shen et al., 2009 ). The improved BW gain observed on feeding of antibiotics in the current study may be associated with increased feed intake (Exp. 1 and 2) and improved feed efficiency (Exp. 1). Additionally, in both the experiments, feeding of antibiotic was effective in reducing the fecal Clostridium spp. population at d 28. In Exp. 1, no differences were noticed in the performance, ATTD of DM, and GE when compared among pigs fed multimicrobe probiotic product dried either at LT or HT. These results indicate that the high drying temperature had no effect on the efficacy of probiotic product, even though there was a reduction in the number of microbes in the probiotic product dried at HT. Both LT and HT probiotics were supplemented at 0.3%, and this amount of HT probiotic might have sufficient numbers of viable microorganism to exert the maximum positive effect. The number of viable microorganisms in LT probiotics might be more than required to exert a maximum beneficial effect, and beyond that count, there might not be any extra beneficial effect. Also, the reduced microbial count in HT probiotics may have synergistic effects in producing secondary metabolites, which might be equivalent to the LT probiotics in showing equal efficacy in terms of growth performance and ATTD of nutrients, but the exact mechanism remains unknown.
Pigs fed probiotic LT and HT products showed better growth performance and ATTD of DM and GE and reduced fecal Clostridium spp. compared with pigs fed with the NC diet. The beneficial effects of potential multimicrobial probiotic treatments on weanling pig performance in the present study are in agreement with a large number of studies reporting the use of different probiotic strains in pigs. Positive effect of feeding Lactobacillus spp. (Abe et al., 1995; Guerra et al., 2007) , B. subtilis (Gracia et al., 2004) , and S. cerevisiae (Mathew et al., 1998; Bontempo et al., 2006) as probiotics on the growth performance of pigs have been reported previously. Moreover, Hung et al. (2008) reported improved overall ADG of pigs fed multistrain microbial fermented soybean meal (fermented by using S. thermophilus, B. thermophilum, and B. subtilis or by L. acidophilus, E. faecium, and S. cerevisiae) as a carrier of probiotics when compared with pigs fed a control diet. Additionally, there are several studies that report the absence of any positive effect on the performance of pigs fed lactic acid bacteria (Kyriakis et al., 1999; Broom et al., 2006; Gagnon et al., 2007) and S. cerevisiae (Kornegay et al., 1995) .
It is difficult to directly compare different studies conducted on probiotics because the efficacy of a probiotic application depends on several factors (Ewing and Cole, 1994) such as species composition, viability, administration level, application method (e.g., spraying, feed, or water), and frequency of application of probiotics (Chesson, 1994) . Additionally, the age of animal, environmental conditions, health status within herds, and farm hygiene may also influence the efficacy of probiotics (Lessard et al., 2009) . Nevertheless, the probiotic products used in the present study differed from the previous studies, in which harvested probiotic microbes were added directly to the diets. In the present study, corn-soybean meal mixture was used as a substrate for microbial growth under solid fermentation and as the carrier of probiotic microbes. The resulting product of SSF includes probiotic microbes, as well as the secondary microbial metabolites produced during microbial fermentation (Scholten et al., 1999) . Greater production of secondary microbial metabolites has been reported during solid fermentation when compared with submerged liquid fermentation (Graminha et al., 2008) . These secondary microbial metabolites include organic acids like lactic acid produced by Lactobacillus spp., antimicrobial substances like iturin and surfactin produced by B. subtilis (Ohno et al., 1995) , and bacteriocin produced by L. acidophilus (Yamato et al., 2003) , and enzyme amylase and protease produced by A. oryzae (te Biesebeke et al., 2005) and B. subtilis (Ferrari and Schmidt, 1993) . The presence of enzymes and other secondary metabolites in the probiotic products and the endogenous production of enzymes by probiotic microbes might explain the improved ATTD of nutrients in pigs from probiotic treatments. In a previous experiment, Hu et al. (2008) had employed SSF technology for fermenting compound feed using mixed culture (L. fermentum, S. cerevisae, and B. subtilis) and had observed increased lactic acid bacteria and concentration of acetic acid and decreased pH and enterobacteria count in SSF feed. In Exp. 2, the different amounts of probiotic HT (0.30 and 0.60% in diet) with or without antibiotics were evaluated. Improved response in the form of greater overall BW gain, digestibility of DM, CP, and GE, and Lactobacillus spp. in feces and intestine, and decreased clostridia in feces (d 14) and intestine were observed when probiotic HT was supplemented at 0.60% of the diet. The presence of enzymes and antimicrobial substances produced during SSF in greater concentration when probiotic HT was included in the diet at 0.60% than at 0.30% might explain the improved nutrient digestibility and decreased fecal and intestinal pathogenic bacteria. Moreover, adding antibiotics to probiotic HT diets improved the overall ADG by 3.9% when compared with pigs fed probiotic HT diets without antibiotics, indicating an additive effect of potential probiotic and antibiotic. However, there was no interaction effect between probiotic and antibiotic for any of the measured variables. In agreement with the findings of the current study, Pollmann et al. (1980) had observed improved ADG in young pigs fed lincomycin in combination with Probios (Lactobacillus acidophilus) when compared with pigs fed either lincomycin or Probios.
The structure of the intestinal mucosa can reveal information on gut health. Changes in the intestinal morphology such as shorter villus and deeper crypts have been associated with the presence of toxins (Xu et al., 2003) . In Exp. 2, pigs fed diets added with 0.60% probiotic HT and antibiotic had greater villus height at the jejunum and ileum, and had increased villus height:crypt depth at the ileum. An increase in villus height and villus:crypt in the jejunum has been reported in weaned pigs fed antibiotics and yeast culture when compared with pigs fed the control diet (Shen et al., 2009) . A decreased number of pathogenic bacteria in the gut may improve proliferation of epithelial cells to build villus and thus enhance intestinal morphology (Mourāo et al., 2005) . However, in this study, decreased pathogenic bacteria were observed in the ileum of pigs fed 0.60% probiotic HT product and antibiotics had no influence on the ileal microflora, indicating mechanism other than reduced pathogenic bacteria may be responsible for enhancing intestinal morphology.
The results of this study demonstrated that HT did not influence the efficacy of the multimicrobial probiotic product. However, the multimicrobial probiotic product dried at HT was more effective at 0.60% inclusion. Moreover, the addition of antibiotics to probiotic diets improved the performance of weaning pigs, but did not show any interaction with probiotics. Future studies need to be conducted to identify different substrates that can be used for solid fermentation and to identify microbial metabolites produced during solid fermentation.
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